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Details 

L Title of Invention 

Dielectric Transparent Ceramic Substrate for Electro-luminescence Device 

2. Area of Claims 

(1) Dielectric transparent ceramic substrate for Electro-luminescence Device, v^here thin 
substrate plate is made as follows: PbO, LajO^, ZrOi and TiOs are mixed, pre-sintered 
at about 900 °C. Pre-sintered mixture is crushed into powder, formed into thin plate, 
and hot pressed at about 1200 °C. 

(2) Electro-luminescence dielectric ceramic substrate described in claim (1), where PbO, 
La203, ZvOi and TiOs are mixed so that final composition is (Pb9tLa9)(Zr65Ti35) 1-0.09/4 
O3. The mixture is pre-sintered, crushed to powder, shaped in press, and hot pressed. 

(3) Transparent electro-luminescence display device which is characterized by the fact that 
transparent electrode is adhered to one side of transparent dielectric ceramic substrate. 
Fluorescent film of almost transparent thickness is adhered to other side of substrate, 
and transparent electrode is adhered on fluorescent film. One of transparent electrodes 
on both sides of substrate is used to display pictures or characters. Transparent 
dielectric ceramic substrate is made by mixing raw materials, PbO, LaiOs, Zr02 and 
Ti03. Mixture is pre-sintered at about 900 ""C, press formed, and hot pressed at about 
1200 °C into thin plate. 

3. Detail Explanation of Invention 

Purpose of first part of invention is to expand the application of electro-luminescence 
device so that light can- be emitted from both sides. Transparent ceramic plate is 
composed of special components explained later. Device is made by adhering 
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fluorescent film, which can be made thin enough to be almost transparent, to one side of 
dielectric substrate, and electrodes are adhered to other side of dielectric substrate as 
well as to fluorescent film. Fluorescent film emits light when voltage is applied. 

Second part of invention relates to light transmitting type electro-luminescence display 
device where display is made by application of voltage. In this device, dielectric 
ceramic substrate of first part of invention is used as the main component. Display 
appears when voltage is applied, and when voltage is not applied, display disappears 
and device appears as transparent glass plate. 

Electro-luminescence device in the past used insulator of high dielectric constant. 
Purpose of this was to develop such device whose resistance to voltage is high and 
driving voltage is low. It was developed so that large portion of voltage was applied to 
fluorescent layer. However, as shown in Fig. 1, dielectric layer b, fluorescent layer c, 
transparent electrode layer d are all fired onto steel plate or porcelain substrate a, one 
after another. When porcelain substrate is used, rear electrode e may also be fired onto 
rear side of substrate. Dielectric layer was non-transparent in any type of structure, 
and it was not possible to emit light through dielectric layer. Therefore, to construct 
two-sided electro-luminescence device, there was no other way but two dielectric layers 
b, b, two fluorescent layers c, c, and two transparent electrode layers d, d had to be 
adhered to both sides of steel substrate a, as shown in Fig. 2. 

In the past, electro-luminescence device had, as shown in Fig. 3, character display 
transparent electrode g , fluorescent layer h, dielectric layer I, metal electrode j attached 
on glass substrate f in layers. Dielectric layer I is non-transparent in any other electro- 
luminescence device. Therefore, it was impossible to see through even if metal 
electrode j is replaced with transparent electrode, fluorescent layer h is made thin 
enough to be almost transparent. 

This invention makes such things possible. 

Application example of first part of invention is explained here. 

Raw materials are PbO, LaaOs, ZvOi and T\Oy. They are mixed together so that the 
final composition is 

(Pb9iLa9)(Zr65Ti35) 1-0.09/4 O3. 

This mixture is pre-sintered for about one hour at 800 °C ~ 900 °C. Pre-sintered 
material was crushed into powder and made into plate form by pressing. This plate 
was sintered under 200 kg/cm^ at about 1,200 °C for about 20 hours to make transparent 
dielectric ceramic substrate 1 of 0.5 mm thick, as shown in Fig. 4. 

The composition of substrate plate 1 described above shows higher transparency with 
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higher La content The best composition, (x/l-z/z), expressed as percent ratio of La, 

Ti, Zr is (9/65/35) in 

is (Pbi.xLaxXZri.zTiz)! O3. 

Fig. 5 is an example of alternate current electro-luminescence device which can emit 
light from surfaces of both sides using substrate of this invention. 2000 3000 A 
thick transparent electrode of SnOi is fired onto one side of substrate. Luminescence 
material, made of equal weight mixture of ZnS, Cu, Al (content of Cu is 0.08 wt %, that 
of Al is 0.02 wt %) and glass powder, was painted and fired on 30 |li thick. On 
luminescence film 3, transparent electrode 4 of such material as Sn02 was fired on to 
the same thickness as transparent electrode 2. 

When voltage is applied between transparent electrodes 2 and 4, almost entire electric 
field is applied to fluorescent layer 3, and electro-luminescence device of this example 
emits green light of high brightness fi-om both sides since ceramic dielectric substrate 1 
is transparent. 

When transparent electrode 4 in Fig. 5 is replaced with non-transparent aluminum rear 
side electrode 5 as shown in Fig. 6, light from fluorescent layer 3 is emitted only from 
one side through transparent ceramic dielectric substrate 1 

A second application example of the invention is explained: 

In this example, same transparent ceramic dielectric substrate 1 shown in first example 
and in Fig. 4 is used as base. As shown in Fig. 7, almost transparent fluorescent film 
1 1 of ZnS, mixed with 0.3 % Mn, was vapour deposited to thickness of 2000A 
4000A on one side of dielectric substrate L Also, transparent electrode 12, made of 
SnOi was formed. ZnS (zinc sulfide) of fluorescent film 1 1 described above may be 
non-transparent at certain film thickness but with thickness described above, it is 
transparent. Transparent display electrode 13, made of SnOi and with characters or 
pictures, is vapour deposited on other side of dielectric substrate 1. It is electrically 
connected to transparent display electrode 13 by passing lead wire film 15, made of 
Sn02, through small hole opened on transparent insulation film 14. It is possible to 
display one character with several segments on transparent display electrode 13, just as 
done in digital numerical figure display board. In this case, several lead wire films 15 
are arranged in parallel, and each lead wire film 15 is electrically connected to each 
segment. 

If transparent electrode 12 in Fig. 7 is made as opposing electrode to each display 
electrode 13, then transparent insulator film 14 in Fig. 7 can be omitted. Device 
becomes even simpler. 

In transparent electro-luminescence display device of this example, electrode is displays 
character by several segments, just as numerical figures displayed on numerical face of 
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digital watch. Display electrode 13 is adhered to inside watch glass, as is usually done 
in analog display watch with hour, minutes and second hands. This watch is equipped 
with digital watch mechanism which is electrically connected, through transparent lead 
wire, to display electrode board 13. Since display device attached to inside surface of 
glass plate described above is transparent, there is no problem seeing analog display of 
hour, minutes and second hands on watch face. When it is difficult to see at night, 
time can be displayed with numerical characters in digital system by applying voltage 
between display electrode 13 of display device and transparent electrode 1 1 . 

First part of this invention offers device with transparent ceramic dielectric substrate 
using dielectric film with necessary high insulation. Substrate, not only acts as 
supporting substrate as glass or steel substrate but also, as shown in Fig. 5, with a 
formation of one fluorescent layer over it, it is a necessary part of two-sided light 
emitting electro-luminescence device because of its transparent nature. 

Second part of this invention offers transparent electro-luminescence display device 
using transparent ceramic dielectric substrate in first part of the invention as main 
component. When it is emitting light under voltage application, area other than 
display area is transparent, and when voltage is not applied, the entire device is 
transparent and can be seen through. 

4. Brief Explanation of Figures 

Figure 1 is cross section view of an example of electro-luminescence device of the past, 

Figure 2 is cross section view of an example of two-sided light emitting device, 

Figure 3 is cross section view of an example of electro-luminescence device, 

Figure 4 is perspective view of transparent dielectric substrate 1 of first part of this 

invention. 

Figures 5 and 6 are cross section view of luminescence device using substrate 1 of Fig. 
4, 

Figures 7 and 8 are cross section view of display device of second part of this invention. 

1 -> transparent ceramic dielectric substrate, 

1 1 -> fluorescent film, 

12 -> transparent electrode, 

1 3 -> transparent display electrode 
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